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Diversity receiver for radio communication system and method 



(57) The present invention relates to a receiver (42) 
for making it possible to accurately restore a transmitted 
information bit by removing the influence of interference 
waves. Pilot symbols inserted at the transmission side 
(41) are extracted from received signals (S48-S51), and 
weighting factors (S61-S64) for minimizing the interfer- 
ence wave component in accordance with extracted 
pilot symbols (S52-S55) are calculated to remove the 
interference wave component from information symbols 



(S567S59) by multiplying the information symbols 
extracted from received signals by the weighting factors. 
Thereby, even rf interference waves are received, it is 
possible to easily remove the interference wave compo- 
nent from received signals and thus, accurately restore 
the information bit (S72) transmitted by removing the 
influence of interference waves. 
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Description 

BACKGROUND OF THE INVENTION 
5 FIELD OF THE INVENTION 

[0001] The present invention relates to a receiver, radio communication system and communication method to be 
preferably applied to a radio communication system such as a portable telephone system. 

w DESCRIPTION OF THE R ELATED ART 

[0002] Some ol the conventional radio communication systems of this type are constituted so that the influence of 
fading received through a transmission line can be removed by setting a plurality of antennas in a receiver and perform- 
ing a diversity reception. Hereafter, the radio communication system of this type is described below by showing a spe- 
is erf ic example. A synchronous-detection-based radio communication system for transmitting or receiving digital data by 
the Time Division Multiple Access (TDM A) method is described below as an example. 

[0003] As shown in Fig. 1, the radio communication system 1 of this type comprises a transmitter 2 and a receiver 3, 
and obtains a received-bit stream S1 removed the influence of fading by diversity-receiving a transmission signal trans- 
mitted from an antenna 2A of the transmitter 2 via antennas 3A and 3B of the receiver 3 and signal-processing the sig- 
20 nals received via these two antennas 3A and 3B with a received-signal processing section 4. 

[0004] Figs. 2 and 3 show specific structures of the transmitter 2 and the receiver 3 forming the radio communication 
system 1 . As shown in Fig. 2, the transmitter 2 mainly comprises a convolution coding circuit 5, an interleaving buffer 6. 
a slotting processing circuit 7, a modulation circuit 8, a pilot symbol addition circuit 9. a transmission circuit 10. and the 
antenna 2A so as firstly to input information bit series S2 serving as transmission data to the convolution coding circuit 

25 5. . 
[0005] The convolution coding circuit 5 comprises predetermined numbers of stages of shift registers and exclusive 
OR circuits, applies convolution coding to the input information bit series S2, and outputs coded bit series S3 thereby 
obtained to the interleaving buffer 6. The interleaving buffer 6 stores the coded bit series S3 in its internal storage region 
in order. When the coded bit series S3 are stored in the entire storage region (when the coded bit series S3 are accu- 

30 mulated up to the desired quantity), the buffer 6 rearranges the sequence of the coded bit series S3 at random (here- 
after, the rearrangement of the sequence is referred to as interleaving) and outputs coded bit series S4 thereby 
obtained to the slotting processing circuit 7. In this connection, the interleaving buffer 6 has a storage capacity for a plu- 
rality of slots so that coded bit series are distributed to a plurality of transmission slots. 

[0006] The slotting processing circuit 7 is a circuit for assigning the coded bit series S4 to time-division-formed trans- 

35 mission slots in accordance with the TDMA method, which classifies the coded bit series S4 into every predetermined 
number of bits and outputs coded bit groups S5 thereby obtained to the modulation circuit 8 in order. The modulation 
circuit 8 applies predetermined modulation processing (e.g., synchronous-detection-based modulation processing 
such as QPSK modulation) to each supplied coded-bit group S5 and outputs information symbol groups S6 thereby 
obtained to the pilot symbol addition circuit 9. 

40 [0007] As shown in Fig. 4, the pilot symbol addition circuit 9 adds a pilot symbol P to the head position of each infor- 
mation symbol group S6 classified in accordance with the transmission slot (the head of an information symbol I) as a 
header and outputs transmission symbol groups S7 thereby obtained to the transmission circuit 10. In this connection, 
the pilot symbol P added here is a symbol of a pattern previously known at the receiver side and the receiver side is 
constituted so as to estimate the characteristics (fading state) of a transmission line by using the pilot symbol P. 

45 [0008] The transmission circuit 1 0 applies filtering processing to the transmission symbol groups S7 respectively pro- 
vided with a pilot symbol P in order, and then applies digital-to-analog conversion processing to the transmission sym- 
bol groups S7 to generate transmission signals. Moreover, the transmission circuit 10 generates a transmission signal 
S8 of a predetermined frequency channel by applying frequency conversion to the transmission signal and amplifies 
the signal up to a predetermined power, and then transmits the signal through the antenna 2A. Thus, the transmission 

so signal S8 is transmitted from the transmitter 2 synchronously with the timing of a TDMA-type transmission slot. 

[0009] Moreover, as shown in Fig. 3, the receiver 3 mainly comprises antennas 3A and 3B, a received-signal process- 
ing section 4, and a Viterbi decoding circuit 20. receives the transmission signal S8 transmitted from the transmitter 2 
via the antennas 3A and 3B, and inputs received signals S10 and S1 1 thereby obtained to the received-signal process- 
ing section 4. The received-signal processing section 4 supplies the received signal S10 to its internal reception circuit 

55 21 and also does the received signal S1 1 to its internal reception circuit 22. 

[001 0] The reception circuit 21 amplifies the input received signal S1 0, and then fetches a base band signal by apply- 
ing frequency conversion to the received signal S10 and applying filtering processing to the base band signal. Then 
said reception circuit 21 fetches received-symbol groups S12 corresponding to the above-described transmission sym- 
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bol groups S7 by applying analog-to-digital conversion processing to the base band signal, and outputs the recerved- 
symbol groups S12 respectively to a transmission-line estimation circuit 23 and a received-power measurement circuit 
24. In this connection, since amplitude components and phase components of the received-symbol groups S12 are 
fluctuated by the influence of fading through a transmission line, the symbol groups S12 do not always coincide with the 

5 transmission symbol groups S7. 

[0011] The transmission-line estimation circuit 23 is a circuit for examining the characteristics of a transmission line 
and performing equalization processing corresponding to the examination result. Said transmission-line estimation cir- 
cuit 23 estimates the characteristics of the transmission line by referring to the pilot symbol P included in the received- 
symbol groups S1 2 and calculates the reverse characteristics of the transmission line in accordance with the estimation 

w result. Moreover, the transmission-line estimation circuit 23 removes the influence of fading received through the trans- 
mission line by convolution-multiplying the information symbol I of each received-symbol group Si 2 by a value showing 
the reverse characteristics of the transmission line in a time domain by using an equivalent circuit comprising an equal- 
izer. Through this processing, the transmission-line estimation circuit 23 generates received information symbol groups 
S13 corresponding to the information symbol groups S6 and outputs the groups S13 to a multiplier 25. 

is [0012] The received-power measurement circuit 24 measures the power of the input received-symbol groups S12 in 
accordance with the input received-symbol groups S12 and outputs the received-power value ST4 of the groups SI 2 to 
the multiplier 25. The multiplier 25 generates received information symbol groups S15 on which the reliability of the 
received information symbol groups S13 are reflected by multiplying the groups S13 by the received power value S14 
supplied from the received-power measurement circuit 24 as a weighting factor showing the reliability of the groups 

20 S13, and outputs the groups S15 to an adder 26. In this connection, the reliability of the received information symbol 
groups S13 is proportional to the received power value S14. Therefore, as the received power value S14 increases, the 
reliability becomes higher. 

[0013] In the same way, the reception circuit 22 amplifies the input received signal S1 1 , fetches a base band signal 
by applying frequency conversion to the received signal S1 1 . applies filtering processing to the base band signal, then 

25 fetches received symbol groups S16 corresponding to the above transmission symbol groups S7 by applying analog- 
to<ligital conversion processing to the base band signal, and outputs the groups S1 6 respectively to the transmission- 
line estimation circuit 27 and the received power measurement circuit 28. In this connection, the amplitude component 
and phase component of the received symbol groups S16 are also fluctuated because the groups S16 are influenced 
by fading. Therefore, the groups S16 do not always coincide with the transmission symbol groups S7. Moreover, since 

30 the groups S16 and S7 are not influenced by fading under completely the same state, the groups S16 do not always 
coincide with the received symbol groups S1 2. 

[0014] The transmission-line estimation circuit 27 is also a circuit for examining the characteristics of a transmission 
line and performing equalization processing corresponding to the examination result, and estimates the characteristics 
of the transmission line by referring to a pilot symbol P included in the received symbol groups Si 6 and further calcu- 

35 lates the reverse characteristics of the transmission line in accordance with the estimation result. Moreover, the trans- 
mission-line estimation circuit 27 removes the influence of fading received through the transmission line by convolution- 
multiplying each information symbol I of the received symbol groups S16 by the value showing the reverse characteris- 
tics of the transmission line in a time domain by using an equivalent circuit comprising an equalizer. Through this 
processing, the transmission-line estimation circuit 27 generates received information symbol groups S17 correspond- 

40 ing to the transmitted information symbol groups S6 and outputs the group SI 7 to a multiplier 29. 

[001 5] The received power measurement circuit 28 measures the power of the received symbol groups SI 6 in accord- 
ance with the input received symbol groups S1 6 and outputs the received power value S1 8 to the multiplier 29. The mul- 
tiplier 29 generates received information symbol groups S1 9 on which the reliability of the received information symbol 
groups S17 is reflected by multiplying the received information symbol groups S17 by the received power value S18 

45 supplied from the received power measurement circuit 28 as a weighting factor showing the reliability of the received 
information symbol groups S1 7. and outputs the groups S1 9 to the adder 26. 

[001 6] The adder 26 generates synthesized received information symbol groups S20 from which the fluctuation due 
to fading is removed by synchronizing symbols of the received information symbol groups S15 and S19 on which the 
reliability is reflected, and adding the groups S15 and Si 9 together. Thus, the processing for weighting the information 

so symbol groups S13 and S17 received via the antennas 3 A and 3B and for adding them is generally referred to as the 
maximum ratio synthesizing method which is known as one of the strongest signal processing methods against noises 
and fading, and is relatively complex compared to other methods such as the selective synthesizing method, etc... 
[0017] The synthesized received information symbol groups S20 thus generated are input to a demodulation circuit 
30 at the rear stage. The demodulation circuit 30 restores coded bit groups S21 corresponding to the coded bit groups 

55 S5 at the transmission side by applying the predetermined demodulation processing to the synthesized received infor- 
mation symbol groups S20, and outputs the restored groups S21 to a slot connection processing circuit 31 . In this con- 
nection, each bit of the coded bit groups S21 is not a binary signal having a value "0" or T, but is a multi-valued signal 
since a noise component is added to each bit through a transmission line. The slot connection processing circuit 31 is 
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a circuit for connecting the coded bit groups S21 obtained fragmentary in slots so that they serve as continuous sig- 
nals. The coded bit groups S21 are connected together after the groups S21 are accumulated up to the value equivalent 
to the storage capacity tor a deinterleaving buffer 32 of the rear stage. Then, the slot connection processing circuit 31 
outputs coded bit series S22 thereby obtained to the deinterleaving buffer 32. 

5 [0018] The deinterleaving buffer 32 has a storage capacity for a plurality of slots, storing the supplied coded bit series 
S22 in its internal storage region in order, and thereafter, returning the arrangement sequence of the coded bit series 
S22 to its original arrangement sequence by rearranging the sequence of the coded bit series S22 in accordance with 
the reverse procedure to the rearrangement procedure performed in the interleaving buffer 6 of the transmitter 2, and 
outputting coded bit series thereby obtained to the Viterbi decoding circuit 20 as the received bit stream S1 described 

10 above (hereafter, returning of the arrangement sequence to the original arrangement sequence is referred to as dein- 
terleaving). The Viterbi decoding circuit 20 comprising a soft-decision Viterbi decoding circuit, restoring and outputting 
a transmitted information bit series S23 by determining the trellis for convolution coding in accordance with the input 
coded bit series SI and estimating the most-probable state (so-called maximum-likelihood series estimation) out of 
every state transition recognized as probable data. Thus, the receiver 3 avoids the influence of fading received through 

is the transmission line and restores the information bit series S23 transmitted from the transmitter 2. 

[0019] In case of the conventional receiver 3, the influence of fading is removed by weighting the information symbol 
groups S1 3 and S1 7 received via the antennas 3A and 3B in response to the received power values S1 4 and Si 8, add- 
ing them together, and thereby performing the maximum ratio synthesis processing. However, when strong same-chan- 
nel interference waves are present in every slot, it is impossible to obtain the characteristics of the original maximum 

20 ratio synthesis because the interference wave power is also identified as received power. Thus the influence of fading 
can not be avoided satisfactorily, and the information bit series S23 can not be restored accurately. 
[0020] Moreover, though diversity reception has basically an effect for preventing from decreasing of received power 
of a desired wave due to fading, it does not have a capacity for canceling interference waves Therefore, the conventional 
receiver 3 cannot basically eliminate the influence of interference waves. Thus, in case of receiving interference waves, 

25 the receiver 3 cannot accurately restore the information bit series S23. Therefore, in the case of the conventional 
receiver 3, the action against interference waves is still insufficient and it is impossible to restore accurately the infor- 
mation bit series S23. 

SUMMARY OF THE INVENTION 

30 

[0021] In view of the foregoing, an object of this invention is to provide and a receiver, radio communication system 
and communication method w hich can remove the influence of interference waves to restore accurately a transmitted 
information bit. 

[0022] The nature, principle and utility of the invention will become more apparent from the following detailed descrip- 
35 tion when read in conjunction with the accompanying drawings in which like parts are designated by like reference 
numerals or characters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 [0023] In the accompanying drawings: 

Fig. 1 is a block diagram showing the structure of a conventional radio communication system; 
Fig. 2 is a block diagram showing the structure of a conventional transmitter; 
Fig. 3 is a block diagram showing the structure of a conventional receiver; 
45 Fig. 4 is a schematic drawing for explaining conventional pilot symbol arrangement; 

Fig. 5 is a block diagram showing the structure of a radio communication system to which the present invention is 
applied; 

Fig. 6 is a block diagram showing the structure of a transmitter to which the present invention is applied; 
Fig. 7 is a signal-point layout drawing for explaining the theory of QPSK modulation; 
so Fig. 8 is a signal-point layout drawing for explaining the theory of 8PSK modulation; 
Fig. 9 is a signal-point layout drawing for explaining the theory of 16QAM; 
Fig. 10 is a signal-point layout drawing for explaining the thepry of 64QAM; 
Fig. 1 1 is a schematic drawing for explaining pilot symbol arrangement; 

Fig. 12 is a schematic drawing for explaining a transmission symbol after inverse-Fourier-transformed; 
55 Fig. 13 is~a biodk dtagram^^ of a receiver to which the present invention is applied; 

Fig. 14 is a block diagram showing the structure of a weighting-factor calculating section; 
Fig. 15 is a flow chart showing the weighting-factor calculation procedure by a weighting-factor calculating section; 
Fig. 16 is a block diagram showing the structure of a demodulation circuit corresponding to QPSK modulation; 
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Fig. 17 is a block diagram showing the structure ol a demodulation circuit corresponding to 8PSK modulation; 
Fig 1 8 is a block diagram showing the structure ol a demodulation circuit corresponding to 1 6QAM; 
Fig 19 is a block diagram showing the structure ol a demodulation circuit corresponding to 64QAM; 
Fig. 20 is a block diagram showing the structure ol a demodulation circuit of the second embodiment; 
5 Fig 21 is a block diagram showing the structure ol a reliability calculation circuit; 

Fig. 22 is a block diagram showing the structure ol the transmitter of another embodiment; 
Fig. 23 is a block diagram showing the structure of the receiver of another embodiment; and 
Fig. 24 is a block diagram showing the structure of a differential demodulation circuit 

to nFTAII FD DERr.RIPTION OF THF EMBODIMENT 
- [0024] Preferred embodiments of this invention will be described with reference to the accompanying drawings: 
(1) First Embodiment 

(1 -1 ) General structure of radio communication system 

[0025] In Fig 5 symbol 40 denotes a radio communication system to which the present invention is applied as a 
whole The radio communication system 40 is constituted with a transmitter 41 and a receiver 42. A transmission signal 
S30 transmitted through an antenna 43 of the transmitter 41 is received by tour antennas 44A-44D of the receiver 42^ 
Moreover another transmitter 46 for transmitting a transmission signal S31 at the same frequency channel as that of 
the transmission signal S30 to be transmitted by the transmitter 41 is present nearby the radio communication system 
40 The signal S31 transmitted from the transmitter 46 is also received via the antennas 44A-44D as an interference 
wave The receiver 42 inputs each signal received via the antennas 44A-44D to its internal received signal processing 
section 45. and generates a received bit stream S32 from which the influence of the interference wave is removed by 
removing the interference wave component from each received signal. . . ■ 

[0026] In this connection, the receiver 42 eliminates the fading correlation between four received signals received via 
the antennas 44A-44D by setting the antennas 44A-44D at intervals of more than 1/2 wavelength in accordance with 
the frequency of the transmission signal S30. Thereby, the receiver 42 effectively performs diversity reception by elim- 
inating the fading correlation between the four received signals. Moreover, in general, diversity reception is an art for 
removing the influence of fading by synthesizing signals received by a plurality of antennas with a predetermined 
method Therefore, when each signal includes the fading correlation, the effect of the diversity reception is theoretically 
deteriorated. Therefore, in the case of the receiver 42, the arrangement of the four antennas 44A-44D is specified as 

foa27| be Moreover in case of this radio communication system 40. one frequency channel is constituted with, for exam- 
ple 24 subcarriers Therefore, for transmission, information bit series to be transmitted are classified in slots, the infor- 
mation bit series classified for each slot are distributed to and superimposed on the subcarriers so as to perform so- 
called multjcarrier communication of transmitting information bits at the same time by using a plurality of carriers. 

40 (1-2) Structure of transmitter 

[0028] The transmitter 41 of the above-mentioned radio communication system is specifically described below by 
referring to Fig 6. As shown in Fig. 6 in which a portion corresponding to that in Fig. 2 is provided with the same symbol, 
the transmitter 41 mainly comprises a convolution coding circuit 5. an interleaving buffer 6. a slotting processing circuit 
45 7 a modulation circuit 8. a pilot symbol addition circuit 50. an inverse fast Fourier transform circuit (IFFT) 51 . a trans- 
mission circuit 52, and an antenna 43. The transmitter 41 has a structure almost same as that of the transmrtter 2 shown 
in Fig. 2 except that the inverse fast Fourier transform circuit 51 is added and the processing contents of the pilot symbol 
addition circuit 50 and transmission circuit 52 are changed. 

[0029] First in case of the transmitter 41 , the coded bit groups S5 classified by the slotting processing circuit 7 are 
so input to the modulation circuit 8. The modulation circuit 8 applies synchronous-detection-based demodulation process- 
ing to the input coded bit groups S5 also in the case of the transmrtter 41 The modulation processing includes various 
modulation methods. For example. Quadrature Phase Shift Keying modulation (QPSK modulation: so-called 4-phase 
modulation) 8 Phase Shift Keying modulation (8PSK modulation: so-called 8-phase modulation). 16 Quadrature Ampli- 
tude Modulation (16QAM: so-called hexadecimal-value orthogonal amplitude modulation). 64 Quadrature Amplitude 
55 Modulation (64QAM so-called hextetra-value orthogonal amplitude modulation) are typical modulation methods. 

[0030] The above-mentioned modulation methods are described below. The QPSK modulation, as shown by the 
name is a phase modulation method in which four phase states are present, and as shown in Fig. 7. the .nformaton for 
2 bits is shown by four signal points (symbols) present at phase values ic /4. 3ji/4, 5rc/4. and 7u/4. Moreover, the 8QPSK 
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modulation, as shown by the name, is a phase modulation method in which 8 phase states are present, and as shown 
in Fig. 8, the information for 3 bits is shown by 8 signal points which are present on concentric circles with an amplitude 
"1" and separate from each other by n/4. Furthermore, the 16QAM, as shown by the name, is a modulation method in 
which 16 signal points different from each other in amplitude are present, and as shown in Fig. 9, the information for 4 
5 bits is shown by 16 signal points generated by separating the magnitudes of component I (in-phase component) and 
component Q (orthogonal component) from each other by thresholds ± V275. Furthermore, the 64QAM, as shown by 
the name, is a modulation method in which 64 signal points different from each other in amplitude are present, and as 
shown in Fig. 10, the information for 6 bits is shown by 64 signal poin ts gen erated by sepa rating magnitudes of compo- 
nent I and component Q from each other by thresholds ± V2^T, ±2 x V2^T, and ±3 x V2/21. In this connection, a numer- 
ic ical value attached to a signal point in Fig. 7 to 10 denotes bit information shown by the signal point. 

[0031] The modulation circuit 8 applies any one of the above-described modulation processings to each coded bit 
group S5 and outputs the obtained information symbol groups S6 to the pilot symbol addition circuit 50. The pilot sym- 
bol addition circuit 50 is a circuit for adding a pilot symbol P to each information symbol group S6. The transmitter 41 
does not add pilot symbols P to the head position of each symbol group but it inserts pilot symbols P between infbrma- 
15 tion symbols I constituting symbol groups at equal intervals. 

[0032] In this connection, because symbols of one slot are distributed to 24 subcarriers as described above, one slot 
is constituted with 24 symbols including pilot symbols P and information symbols I. A pilot symbol P is a symbol of a 
previously known pattern at the receiver side. Its amplitude value is "1 " and its phase value is random. However, the 
phase value is randomized so as to be different from other communication, and thereby a pilot symbol P is made differ- 
20 ent in every communication. That is, because an interference wave component is detected on the basis of a pilot symbol 
P at the receiver side, and therefore it is impossible to distinguish between signal component and interference wave 
component of a local office sent from a communication counterpart if the phase value of the pilot symbol P is the same 
as that of other communication. 

[0033] The transmission symbol groups S35 generated by adding pilot symbols P are output to the following inverse 
25 fast Fourier transform circuit 51 . Because the inverse fast Fourier transform circuit 51 superimposes symbols constitut- 
ing the transmission symbol groups S35 on the 24 subcarriers described above by distributing them to the subcarriers 
(because the circuit 51 transmits the symbols of the transmission symbol groups S35 by arranging them on a frequency 
axis), the circuit 51 applies inverse Fourier transform to each transmission symbol groip S35. Thereby, signals in which 
input symbol groups being arranged on a time base are arranged on a frequency axis are generated. The state of a 
30 transmission symbol group S36 generated by applying inverse Fourier transform is shown in Fig. 12. Fig. 12 shows the 
state of the transmission symbol group S36 on the basis of frequency. From Fig. 12, it is found that 24 symbols com- 
prising pilot symbols P and information symbols I are arranged on a frequency axis and assigned to 24 subcarriers one 
each. 

[0034] Moreover, the inverse fast Fourier transform circuit 51 applies windowing to the transmission symbol groups 
35 S35 before performing the inverse Fourier transform processing, and thereby controls unnecessary out-of-band spuri- 
ous. A specific method for windowing is realized by applying cosine roll-off filter to the transmission symbol groups S35 
on a time base. Thus, the transmission symbol group S36 generated through the processing by the inverse fast Fourier 
transform circuit 51 is output to the following transmission circuit 52. 

[0035] The transmission circuit 52 applies filtering processing to the transmission symbol group S36 and thereafter, 
40 applies digital-to-analog conversion processing to the transmission symbol group S36 to generate a transmission sig- 
nal. Moreover, the transmission circuit 52 generates the transmission signal S30 of a predetermined frequency channel 
by applying frequency conversion to the transmission signal, amplifies the signal S30 up to a predetermined power, and 
then transmits the signal S30 through the antenna 43. 

[0036] Thus, the transmitter 41 performs the multicarrier communication for transmitting information bit series to be 
45 transmitted with a plurality of subcarriers at the same time by distributing coded bit groups divided into slots on a plu- 
rality of subcarriers and superimposing them to a plurality of subcarriers. 

(1 -3) Structure of receiver 

so [0037] As shown in Fig. 13 in which a portion corresponding to that in Fig. 3 is provided with the same symbol, a 
receiver 42 mainly comprises four antennas 44A-44D, a received signal processing section 45, and a Viterbi decoding 
circuit 20. The receiver 42 receives a transmission signal S30 transmitted from a transmitter 41 via the antennas 44A- 
44D independently, and inputs received signals S40-S43 thereby obtained to the received signal processing section 45. 
In this case, assume that a transmission signal S31 transmitted from another transmitter 46 is received as an interfer- 

55 ence wave, and the interference wave component is superimposed on received signals S40-S43. The received signal 
processing section 45 supplies the received signals S40-S43 to its internal reception circuits 60-63. 
[0038] After the reception circuit 60 amplifies the received signal S40, it fetches a base band signal by applying fre- 
quency conversion to the received signal S40 and applies filtering processing to the base band signal, and then it 
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fetches a received symbol group S44 by applying analog-to-digital conversion processing to the base band signal and 
outputs the group S44 to a fast Fourier transform circuit (FFT) 64. 

[0039] Moreover, reception circuits 61-63 amplify input received signals S41-S43, then fetch base band signals by 
applying frequency conversion to the received signals S41-S43. apply filtering processing to the base band signals. 
5 thereafter fetch received symbol groups S45-S47 by applying analog-to-digital conversion processing to the base band 
signals, and output the groups S45-S47 to fast Fourier transform circuits (FFT) 65-67. 

[0040] The fast Fourier transform circuit 64 fetches signal components for one slot by applying windowing processing 
to the input received symbol group S44 and applies Fourier transform to the fetched signal components. Thereby, 
fetched symbol groups being arranged on a frequency axis can be fetched being arranged them on a time base. Thus. 
70 the received symbol group S48 fetched through the Fourier transform performed by the fast Fourier transform circuit 64 
is output, to a selector switch 68. In this connection, the fast Fourier transform circuit 64 performs windowing processing 
by applying a cosine roll-off window to the received symbol group S44 on a time base, and thereby makes it possible to 
control the interference between symbols in a slot. 

[0041 ] Moreover, the fast Fourier transform circuits 65-67 fetch signal components for one slot by applying windowing 
75 processing to the input received symbol groups S45-S47, fetch received symbol groups S49-S51 in which symbols are 
arranged on a time base by applying Fourier transform to the fetched signal components, and output the groups S49- 
S51 to selector switches 69-71 . 

[0042] The selector switch 68 is a switch for separating pilot symbols P included in the received symbol group S48 
from information symbols I included in the group S48. The selector switch 68 extracts a symbol group S52 comprising 
20 only pilot symbols P by switching the connection state to a weighting-factor calculating section 72 at the timing of a pilot 
symbol P, outputs the group S52 to the weighting-factor calculating section 72, extracts a symbol group S56 comprising 
only information symbols I by switching the connection state to a buffer 74 at the timing of the information symbol I, and 
outputs the group S56 to the buffer 74. 

[0043] Moreover, the selector switches 69-71 are switches for separating pilot symbols P included in the received 
25 symbol groups S49-S51 from information symbols I included in the groups S49-S51. The selector switches 69-71 
extract symbol groups S53-S55 comprising only pilot symbols P by switching connection states to output the groups 
S53-S55 to the weighting-factor calculating section 72, and extracts symbol groups S57-S59 comprising only informa- 
tion symbols I to output them-to buffers 75-77. 

[0044] The buffers 74-77 are respectively constituted with first-in first-out buffers. The buffers 74-77 store symbols of 
30 the input symbol groups S56-S59 in their internal storage region in order, read the stored symbol groups S56-S59 
according to the signal output timing of the weighting-factor calculating section 72 to be mentioned later, and output the 
groups S56-S59 to multipliers 78-81 in order. 

[0045] The weighting-factor calculating section 72 receives a symbol group S60 constituted with symbols equaling to 
the pilot symbol P inserted into the information symbol group S6 at the transmission side from a pilot symbol generation 

35 circuit 73. Then, the weighting-factor calculating section 72 calculates a weighting factor S64 for maximizing the signal- 
to-interference wave power ratio CIR of the symbol groups S56-S59 (for minimizing the interference wave component) 
by performing predetermined operation in accordance with the symbol group S60 and the input symbol groups S52-S55 
respectively comprising a pilot symbol P, and outputs the factor S64 to the multipliers 78-81. In this connection, the 
weighting factors S61 -S64 calculated by the weighting-factor calculating section 72 are factors respectively comprising 

40 a complex number. Moreover, the weighting-factor calculating section 72 calculates the weighting factors S61-S64 for 
each symbol group. 

[0046] The multipliers 78-81 remove the interference wave-component from the symbol groups S56-S59 by complex- 
multiplying the weighting factors S61-S64 by the symbol groups S56-S59 output synchronizing with the output timing of 
the weighting factors S61-S64 from the buffers 74-77. Then, the multipliers 78-81 output symbol groups S65-S68 
45 thereby obtained to an adder 82. 

[0047] The adder 82 synthesizes signal components diversity-received via the antennas 44A-44D by adding the sym- 
bol groups S65-S68 thus calculated synchronously with each symbol, and outputs a received information symbol group 
S69 thereby obtained to a demodulation circuit 83. 

[0048] The demodulation circuit 83 fetches a coded bit group S70 from the received information symbol group S69 
so by applying predetermined demodulation processing (demodulation processing corresponding to the modulation 
method performed at the transmission side and corresponding to QPSK modulation, 8PSK modulation, 16QAM, or 
64QAM) to the received information symbol group S69, and outputs the group S70 to the slot connection processing 
circuit 31 at the rear stage. 

[0049] The slot connection processing circuit 31 is a circuit for connecting the coded bit groups S70 fragmentary 
55 obtained in slots so as to be a continuous signal. The slot connection processing circuit 31 connects the coded bit 
groups S70 when the groups S70 are accumulated up to a value equivalent to the storage capacity for the deinterleav- 
ing buffer 32 of the rear stage, and outputs a coded bit series S71 thereby obtained to the deinterleaving buffer 32. 
[0050] The deinterleaving buffer 32 has a storage capacity for a plurality of slots, which stores the supplied coded bit 
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series S71 in its internal storage region in order, and then returns the arrangement sequence of the coded bit series 
S71 to its original arrangement sequence by rearranging the series S71 in accordance with the inverse procedure of 
the rearrangement performed in the interleaving buffer 6 of the transmitter 41, and outputs coded bit series thereby 
obtained to the Viterbi decoding circuit 20 as the above-described received bit stream S32. 

[0051] The Viterbi decoding circuit 20 comprises a soft-decision Viterbi decoding circuit to restore a transmitted infor- 
mation bit series S72 by applying maximum-likelihood series estimation to the input coded bit series S32. In this case, 
the interference wave component is removed from the symbol groups S56-S59 by multiplying the symbol groups S56- 
S59 by the weighting factors S61 -S64 in the multipliers 78-81 at the front stage, and then the received information sym- 
bol group S69 removed the interference wave component is generated by synthesizing the symbol groups S56-S59. 
Therefore, the interference wave component is also removed from the coded bit series S32 input to the Viterbi decoding 
circuit 20. Thus, by inputting the coded bit series S32 to the Viterbi decoding circuit 20, it is possible for the Viterbi 
decoding circuit 20 to accurately perform maximum-likelihood series estimation without being influenced by interfer- 
ence waves, and restore the information bit series S72 more accurately. 

(1 -4) Structure of weighting-factor calculating section 

(1 -4-1) Circuit structure 

[0052] As shown in Fig. 14, the weighting-factor calculating section 72 comprises an expected value calculating sec- 
tion 90 for calculating inter-symbol-group expected values d0-d3 and e00-e33 in accordance with the symbol groups 
S52-S55 respectively comprising a received pilot symbol P and the symbol group S60 comprising an actually transmit- 
ted pilot symbol P. The weighting-factor calculating section 72 also comprises a calculating section 91 for calculating 
the weighting factors S61 -S64 by performing predetermined processing in accordance with the expected values d0-d3 
and e00-e33 calculated by the expected value calculating section 90. 

[0053] The expected value calculating section 90 first inputs the received symbol group S52 to multipliers 92A-92E. 
The symbol groups S60, S52. S53, S54 or S55 is input to the multipliers 92A-92E as an object for complex multiplication 
so that the-multipliers 92A-92E perform the complex multiplication between the conjugate value of the symbol group 
S52 and the symbol group S60, S52. S53, S54. or S55 (symbol in Fig. 14 denotes a conjugate value). 
[0054] That is, the multiplier 92A performs the complex multiplication between the conjugate value of each symbol of 
the symbol group S52 and each symbol of the symbol group S60 at every symbol in order, the multiplier 92B performs 
the complex multiplication between the conjugate value of each symbol of the symbol group S52 and each symbol of 
the symbol group S52 at every symbol in order, the multiplier 92C performs the complex multiplication between the con- 
jugate value of each symbol of the symbol group S52 and each symbol of the symbol group S53 at every symbol in 
order, the multiplier 92D performers the complex multiplication between the conjugate value of each symbol of the sym- 
bol group S52 and each symbol of the symbol group S54 at every symbol in order, and the multiplier 92E performs the 
complex multiplication between the conjugate value of each symbol of the symbol group S52 and each symbol of the 
symbol group S55 at every symbol in order. 

[0055] Multiplication results of the multipliers 92A-92E are input to cumulative adders 93A-93E where they are cumu- 
latively added for each factor and thereby integrated. After cumulatively adding (integrating) the multiplication result of 
every symbol constituting one symbol group, the cumulative addition circuits 93A-93E output each integration result to 
the calculating section 91 as the expected value do. eOO, e10. e20, or e30. 

[0056] Moreover, the expected value calculating section 90 inputs the received symbol group S53 to multipliers 94A- 
94E. The symbol groups S60, S52, S53, S54, or S55 is input to the multipliers 94A-94E as an object for complex mul- 
tiplication, and the multipliers 94A-94E perform the complex multiplication between the conjugate value of the symbol 
group S53 and the symbol group S60. S52, S53, S54, or S55. 

[0057] That is, the multiplier 94 A performs the complex multiplication between the conjugate value of each symbol of 
the symbol group S53 and each symbol of the symbol group S60 at every symbol in order, the multiplier 94B performs 
the complex multiplication between the conjugate value of each symbol of the symbol group S53 and each symbol of 
the symbol group S52 at every symbol in order, the multiplier 94C performs the complex multiplication between the con- 
jugate value of each symbol of the symbol group S53 and each symbol of the symbol group S53 at every symbol in 
order, the multiplier 94D performs the complex multiplication between the conjugate value of each symbol of the symbol 
group S53 and each symbol of the symbol group S54 at every symbol in order, and the multiplier 94E performs the com- 
plex multiplication between the conjugate value of each symbol of the symbol group S53 and each symbol of the symbol 
group S55 at every symbol in order. 

[0058] Multiplication results of the multipliers 94A-94E are input to cumulative adders 95A-95E where they are cumu- 
latively added for each factor and thereby integrated. After cumulatively adding (integrating) the multiplication result of 
every symbol constituting one symbol group, the cumulative addition circuits 95A-95E output each integration result to 
the calculating section 91 as the expected value d1 , e01 , e1 1 , e21 , or e31 . 
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[0059] Hereafter in the same way, in the weighting-factor calculating section 72, multipliers 96A-96E perform the com- 
plex multiplication between the conjugate value of the symbol group S54 and each of the symbol groups S60, S52, S53. 
S54 and S55, calculate the expected value d2, e02, e12, e22 or e32 by cumulatively adding the multiplication results 
withcumulative addition circuits 97A-97E, and input the expected value d2, e02 ( e12. e22 ( or e32 to the calculating sec- 

5 tion 91 . Moreover, in the weighting-factor calculating section 72, multipliers 98A-98E perform the complex multiplication 
between the conjugate value of the symbol group S55 and each of the symbol groups S60, S52, S53. S54, and S55, 
calculate the expected value d3 ( e03, e13, e23, or e33 by cumulatively adding the multiplication results with cumulative 
addition circuits 99A-99E, and output the expected value d3, e03, e13, e23, or e33 to the calculating section 91 . 
[0060] The calculating section 91 calculates the weighting factors S61-S64 by performing predetermined processing 

io in accordance with the expected values d0-d3 and e00-e33 calculated by the expected value calculating section 90. 
Specifically, the calculating section 91 substitutes the expected values d0-d3 and e00-e33 for the determinant shown in 
the following Equation (1) to solve the determinant by using a mathematical method such as the Gauss' method. LU 
method, or Gauss-Jordan method, and calculates complex variables W0-W3. 



feQO e01 eOl eQ3VlV6\ f</0\ 
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25 [0061] Moreover, the calculating section 91 outputs the calculated complex variables W0-W3 as the weighting factors 
S61-S64. 

(1-4-2) Weighting-factor calculation procedure by weighting-factor calculating section 

30 [0062] Hereafter, the weighting-factor calculation procedure by the weighting-factor calculating section72 having the 
above-described structure is described by referring to the flow chart shown in Fig. 15. In this case, assume that the 
symbol of the received symbol group S52 is P0, the symbol of the symbol group S53 is P1 , the symbol of the symbol 
group S54 is P2, the symbol of the symbol group S55 is P3, and the symbol of the symbol group S60 corresponding to 
a transmitted pilot symbol is Pd. m 

35 [0063] First, the weighting-factor calculating section 72 obtains multiplication values Xij between the received symbols 
P0, P1 , P2, and P3 for each symbol in step SP2 starting with step SP1 , and moreover obtains multiplication values Yj 
between the received symbols P0-P3 on one hand and the transmitted symbol Pd on the other for each symbol. In case 
of the multiplication, the weighting-factor calculating section 72 obtains the multiplication values Xij and Yj by obtaining 
a conjugate value on one symbol and multiplying the other symbol by the conjugate value. That is, the weighting-factor 

40 calculating section 72 calculates multiplication value Xij on every combination by performing the operation shown by the 
following Equation (2) in order, by assuming variables i and j as i = 0 3 and j = 0 3. 



45 



Xij = Pi • Pf 



(2) 



so where, i, j = 0 3 



[0064] Moreover, the section 72 calculates multiplication value Yj on every combination by performing the operation 
shown by the following Equation (3) in order. 



55 



9 



EP 0 896 440 A2 



10 



15 



20 



25 



30 



35 



40 



Yj = Pd - Pf (3) 



where, j = 0.....3 

[0065] Symbol shown in the Equations (2) and (3) denotes a conjugate value. 

[0066] In the next step SP3, by assuming the number of symbols of a symbol group as k (by assuming the number of 
pilot symbols included in one slot as k), the weighting-factor calculating section 72 calculates an expected value eij by 
adding k multiplication values Xij for each factor and moreover, calculates an expected value dj by adding k multiplica- 
tion values Yj for each factor. That is, the weighting-factor calculating section 72 obtains the expected value eij by add- 
ing the multiplication value Xij for each factor in accordance with the following Equation (4). 

/T=0 



where, i, j = 0 3 

[0067] Moreover, the section 72 obtains the expected value dj by adding the multiplication value Yj for each factor in 
accordance with the following Equation (5). 



dj = ••--(5) 



where, j = 0 3 



[0068] Thereby, the expected values d0<l3 and e00-e33 for combinations between the symbol groups S52-S55 on 
one hand and the symbol group S60 on the other are calculated. 
[0069] In the next step SP4, the weighting-factor calculating section 72 substitutes the calculated expected values dO- 
d3 and e00-e33 for the determinant shown by the above Equation (1), and calculates the weighting factors W0-W3 by 
45 solving the determinant. Moreover, the weighting-factor calculating section 72 outputs the calculated weighing factors 
W0-W3 as the weighting factors S61-S64. When completing the above-described processing, the weighting-factor cal- 
culating section 72 starts the next step SP5 to complete the whole processing. In connection, the weighting-factor cal- 
culating section 72 performs the weighting-factor calculation procedure shown in Fig. 15 by obtaining the received 
signal corresponding to one slot whenever the symbol groups S52-S55 are input and calculates the weighting factors 
so W0-W3 lor each slot. 

(1 -4-3) Theory of weighting factor calculation 

[0070] Then, the theory is described in which the weighting factors W0-W3 capable of minimizing the interference 
55 wave component included in the symbol groups S56-S59 can be calculated by substituting the above-described 
expected values d0-d3 and e00-e33 for the determinant shown by the Equation (1) and solving the determinant. 
[0071] First, a case is assumed in which the number of antenna elements is K. Moreover, it is assumed that (M+1) 
signal waves 's km (t) arrive in each antenna element, signal waves Sko(t) out of the (M+1) signal waves are desired 
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waves, and the remaining signal waves s^W-s^t) are interference waves. Furthermore, it is assumed that white 
noises are added to a signal received by each antenna element. Under the above-described conditions, the voltage y(t) 
of a received signal obtained by synthesizing the signal received by each antenna element can be shown as described 
below. 

5 [0072] First, when it is assumed that the m-th signal wave among the (M+1) signal waves arriving at the k-th antenna 
element is s^t) and the white noise added to the k-th antenna element is n k (t), the signal x^t) received by the k-th 
antenna element is shown by the following Equation (6). 



[0073] Moreover, by totalizing values obtained by multiplying each signal x^t) by a weighting factor W k , a received 
signal y(t) is obtained. Therefore, the received signal y(t) is shown by the following Equation (7). 



20 



yif) = 2X**(') (7) 



25 

[0074] In this case, when assuming an ideal signal to be originally received as d(t). the mean square error MSE 
between the ideal signal d(t) and the actually received signal y(t) is shown by the following Equation (8). 

30 MSE = E[\d(t)-y{tf ] (8) 



35 [0075] In this case, E[x] shown in the Equation (8) denotes the expected value of x (time mean value). Moreover, var- 
iables d(t), y(t). and W k are complex numbers. 

[0076] In the Equation (8). it is found that the received signal y(t) further approaches the ideal signal d(t) as the value 
of the mean square error MSE decreases. Therefore, by setting the weighting factor W k so that the means square error 
MSE is minimized, it is possible to minimize the interference wave component. To obtain the weighting factor W k for min- 

40 imizing the mean square error MSE, it is necessary to first partially differentiate the mean square error MSE with the 
weighting factor W k , and to search the weighting factor W k for decreasing the value of the partially-differentiated mean 
square error MSE to "0", that is. the weighting factor W k for minimizing the mean square error MSE. 
[0077] The weighting factor W k is a complex number. Therefore, when showing the weighting factor W k as the follow- 
ing Equation (9). the result of partially differentiating the mean square error MSE with the weighting factor W k can be 

45 shown by the following Equation (10). - 



W k = Wf* + J (9) 
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[0078] To obtain the weighting factor W k for minimizing the means square error MSE, it is necessary to obtain the 
is weighting factor W k for the partial differential value to satisfy the following Equation (11). 



dMSE . dMSE 
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(11) 



25 [0079] Thus, the obtained weighting factor W k serves as the weighting factor W k for minimizing the interference wave 
component. 

[0080] In this case, by assuming the number of antenna elements as "4". variable k = 0 3. Therefore, the quadruple 

simultaneous equations shown by the following Equations (12) to (15) are obtained. 
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dMSE = dMSE + . dMSE 
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(13) 
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[0081] By expanding the equations shown by the Equations (12) to (15) by using a predetermined mathematical 
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method, they can be transformed into the following Equations (16) to (19). 



5 
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^ = Z4^(<>.'(<)] - £[ 2<f(/> 2 '(,) ] = 0 (18) 



^ = Z4^('K(<)] - 4 ^(fMO 1 = 0 • < 19 > 



[0082] The equations shown by the Equations (16) to (19) can be shown as a determinant shown by the following 
30 Equation (20). 
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[0083] Therefore, the determinant shown by the following Equation (21) can be obtained from the Equation (20). 
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[0084] Therefore, by solving the weighting factors W 0 -W 3 in accordance with the Equation (21), it is possible to obtain 

30 the weighting factors W 0 -W 3 capable of minimizing the interference wave component. 

[0085] The expected values E[Xj(t)Xj*(t)] at the left side of the Equation (21) are expected values of received signals 
and correspond to the expected values e00-e33 in the above-mentioned Equation (1). In the same way, the expected 
values E[d(t)Xj*(t)] at the right side of the Equation (21) are expected values of a signal to be received and an actually 
received signal, and correspond to the expected values d0-d3 in the above Equation (1). Moreover, the weighting fac- 

35 tors W 0 -W 3 correspond to the weighting factors W0-W3 obtained by the Equation (1). Therefore, resultingly, by obtain- 
ing the weighting factors W0-W3 by the weighting factor calculating section 72 in accordance with the determinant 
shown by the Equation (1), it is possible to minimize the interference wave component. That is, it is possible to obtain 
the weighting factors W0-W3 capable of minimizing the interference wave component. 

40 (1 -5) Structure of demodulation circuit 

[0086] In this section, the structure of the demodulation, circuit 83 is described. "Rie demodulation circuit 83 restores 
a coded bit by performing the processing reverse to the processing of assigning some coded bits to a symbol at the 
transmission side in accordance with a predetermined modulation method. The structure of the demodulation circuit 83 
45 is changed correspondingly to the modulation method performed at the transmission side. Therefore, the structure of 
the circuit 83 is described for each modulation method. 

(1 -5-1 ) Structure of demodulation circuit corresponding to QPSK modulation 

so [0087] When the modulation method performed at the transmission side uses QPSK modulation, the demodulation 
circuit 83 is constituted as shown in Fig. 16, directly fetches the components I and Q of each symbol received as the 
received information symbol group S69 as f irst and second soft decision bits b1 and b2, and outputs the bits b1 and b2 
as the restored coded bit group S70. 

55 (1 -5-2) Structure of demodulation circuit corresponding to 8PSK modulation 

[0088] When the modulation method performed at the transmission side uses 8PSK modulation, the demodulation 
circuit 83 is constituted as shown in Fig. 17. The demodulation circuit 83 directly fetches the components I and Q of 
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each symbol received as the received information symbol group S69 as first and second soft decision bits b1 and b2. 
It also fetches a third soft decision bit b3 by applying predetermined processing to the components I and Q, and outputs 
the fetched first, second, and third soft decision bits b1 , b2, and b3 as the restored coded bit group S70. 
[0089] When the demodulation circuit 83 fetches the third soft decision bit b3, it first inputs the components I and Q 
to absolute value circuits 100 and 101. The absolute value circuit 100 obtains the absolute value S80 of the component 
I and the absolute value circuit 101 obtains the absolute value 81 of the component Q. The circuits 100 and 101 output 
the absolute values 80 and 81 to a subtracter 102. The subtracter 102 subtracts the absolute value S81 of the compo- 
nent Q from the absolute value S80 of the component I and outputs the difference S82 between the absolute values 
S80 and S81 to an arithmetic circuit 103. The arithmetic circuit 103 multiplies the difference S82 between components 
I and Q by 1/>/2 and outputs the arithmetic result as the third soft decision bit b3. Thus, the demodulation circuit 83 
makes it possible to obtain the first, second, and third soft decision bits bl , b2, and b3 with a simple structure in accord- 
ance with the above processing. 

(1-5-3) Structure of demodulation circuit corresponding to 16QAM 

[0090] When the modulation method performed at the transmission side uses 1 6QAM, the demodulation circuit 83 is 
constituted as shown in Fig. 18. The demodulation circuit 83 directly fetches the components I and Q ol each symbol 
received as the received information symbol group S69 as first and second soft decision bits b1 and b2. It also fetches 
third and fourth soft decision bits b3 and b4 by applying predetermined processing to the components I and Q, and out- 
puts the fetched first, second, third, and fourth soft decision bits bl -b4 as the restored coded bit group S70. 
[0091] When the demodulation circuit 83 fetches the third and fourth soft decision bits b3 and b4, it first inputs the 
component I to an absolute value circuit 1 05 and the component Q to an absolute value circuit 106. The absolute value 
circuit 105 obtains the absolute value S85 of the component I, and the absolute value circuit 106 obtains the absolute 
value S86 of the corrponent Q. Then the circuit 1 05 outputs the absolute value S85 to an subtracter 107 and the circuit 
106 outputs the absolute value S86 to a subtracter 108. A value "^275", for example, is input to the subtracter 107 as a 
signal-level decision threshold S87. The subtracter 107 subtracts the decision threshold S87 from the absolute value 
S85 of the component I and outputs the subtraction result as the third soft decision bit b3. Because the signal-level deci- 
sion threshold S87 is also input to the subtracter 108, the subtracter 108 subtracts the decision threshold S87 from the 
absolute value S86 of the component Q and outputs the arithmetic result as the fourth soft decision bit b4. 
[0092] Thus, the demodulation circuit 83 directly uses the values of the components I and Q for the first and second 
soft decision bits b1 and b2, obtains the third soft decision bit b3 by subtracting the decision threshold S87 from the 
absolute value S85 of the component I, and obtains the fourth soft decision bit b4 by subtracting the decision threshold 
S87 from the absolute value S86 of the component Q. Therefore, it is possible to easily obtain the first, second, third, 
and fourth soft decision bits b1 -b4 with a simple structure. 

(1 -5-4) Structure of demodulation circuit corresponding to 64QAM 

[0093] When the modulation method performed at the transmission side uses 64QAM, the demodulation circuit 83 is 
constituted as shown in Fig. 19. The demodulation circuit 83 directly fetches the components I and Q of each symbol 
received as the received information symbol group S69 as first and second soft decision bits bl and b2. It also fetches 
third, fourth, fifth, and sixth soft decision bits b3-b6 by applying predetermined processing to the components I and Q. 
and outputs the fetched first to sixth soft decision bits b1 -b6 as the restored coded bit group S70. 
[0094] When the demodulation circuit 83 fetches the third to sixth soft decision bits b3-b6, it first inputs the compo- 
nents I and Q to absolute value circuits 110 and 1 1 1 . The absolute value circuit 1 10 obtains the absolute value S90 of 
the component I and the absolute value circuit 1 1 1 obtains the absolute value S91 of the component Q. And then, the 
circuit 110 outputs the value S90 to a subtracter 1 12 and the circuit 111 outputs the value S91 to a subtracter 1 13. A 
value "V§72T n , for example, is input to the subtracter 1 12 as a first signal-level decision threshold S92. The subtracter 
1 12 subtracts the first decision threshold S92 from the absolute value S90 of the I component and outputs the arithmetic 
result as the third soft decision bit b3, and outputs the arithmetic result to an absolute value circuit 1 14. Moreover, the 
first decision threshold S92 is input to the subtracter 1 13. The subtracter 113 subtracts the first decision threshold S92 
from the absolute value S91 of the component Q, outputs the arithmetic result as the fourth soft decision bit b4, and 
also outputs the arithmetic result to an absolute value circuit 115. 

[0095] The absolute value circuit 1 1 4 obtains the absolute value S93 of the third soft decision bit b3 and the absolute 
circuit 115 obtains the absolute value S94 of the fourth soft decision bit b4. The circuit 114 outputs the value S93 to a 
subtracter 1 1 6 and the circuit 1 1 5 outputs the value S94 to a subtracter 1 1 7. A value "VST^T , for example, is input to 
the subtracter 1 16 as a second signal-level decision threshold S95. The subtracter 1 16 subtracts the second decision 
threshold S95 from the absolute value S93 of the third soft decision bit b3 and outputs the arithmetic result as a fifth soft 
decision bit b5. Moreover, the second decision threshold S95 is input to the subtracter 1 1 7. The subtracter 1 1 7 sub- 
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tracts the second decision threshold S95 from the absolute value S94 of the fourth soft decision bit b4 and outputs the 
arithmetic result as a sixth soft decision bit b6. 

[0096] Thus, the demodulation circuit 83 directly uses the values of the components I and Q for the first and second 
soft decision bits b1 and b2, obtains the third soft decision bit b3 by subtracting the first decision threshold S92 from the 
absolute value S90 of the component I, obtains the fourth soft decision bit b4 by subtracting the first decision threshold 
S92 from the absolute value S91 of the component Q, obtains the fifth soft decision bit b5 by subtracting the second 
decision threshold S95 from the absolute value S93 of the third soft decision bit b3, and obtains the sixth soft decision 
bit b6 by subtracting the second decision threshold S95 from the absolute value S94 of the fourth soft decision bit b4. 
Therefore, it is possible to easily obtain the first to sixth soft decision bits b1 -b6 with a simple structure. 

(1 -6) Operations and advantages 

[0097] According to the above-described structure, the receiver 42 independently receives the transmission signal 
S30 from the transmitter 41 through the antennas 44A-44D and inputs the received signals S40-S43 thereby obtained 
75 to the received signal processing section 45. The received signal processing section 45 fetches the received symbol 
groups S44-S47 from the received signals S40-S43 by applying predetermined reception processing to the received 
signals S40-S43 and thereafter, fetches the received symbol groups S48-S51 in which symbols are arranged on a time 
base by applying fast Fourier transform to the received symbol groups S44-S47. 

[0098] Moreover, the received signal processing section 45 fetches information symbols I from the received symbol 
20 groups S48-S51 respectively comprising information symbols I and pilot symbols P, and obtains the received informa- 
tion symbol group S69 by adding the symbol groups S65-S68 respectively comprising only information symbols I with 
the adder 82 and synthesizing them. Then, the received signal processing section 45 restores the information bit series 
S72 by applying demodulation processing and decoding processing to the received information symbol group S69. 
Thus, the receive- 42 makes it possible to avoid the reduction of received power due to fading and preferably perform 
25 communication by adding the signal components received via the antennas 44A-44D, and thereby performing diversity 
reception. 

[0099] When the transmission signal S31 transmitted by using the same frequency channel as that of the transmis- 
sion signal S30 of the communication counterpart is present, the antennas 44A-44D also receive the transmission sig- 
nal S31 as interference waves. The interference wave component of the interference waves is added to the signal 
so component of the information symbol I. A normal receiver could not smoothly restore information bit series due to the 
interference wave component. 

[01 00] However, the receiver 42 obtains the weighing factors S61 -S64 for removing the interference wave component 
in accordance with pilot symbols P extracted from the received symbol groups S48-S51, multiplies the symbol groups 
S56-S59 including information symbols I by the weighting factors S61-S64, and thereby removes the interference wave 
35 component from the symbol groups S56-S59 of the information symbol I. Thus, the receiver 42 can remove the inter- 
ference wave component of interference waves even if the interference waves are received, and therefore, it can accu- 
rately restore the information bit series S72. 

[0101] To calculate the weighting factors S61-S64, pilot symbols P are extracted from the received symbol groups 
S48-S51 received via the antennas 44A-44D and the symbol groups S52-S55 respectively comprising only pilot sym- 

40 bols P are input to the weighting-factor calculating section 72. In addition to the received pilot symbols P. the weighting- 
factor calculating section 72 receives the same plot symbols P as those inserted at the transmission side from the pilot 
symbol generation circuit 73, and calculates expected values of these pilot symbols P in every combination. That is, the 
weighting-factor calculating section 72 calculates the expected values e00-e33 of the received pilot symbols P, and cal- 
culates the expected values d0-d3 of the received pilot symbols P and actually-transmitted pilot symbols P (ideal pilot 

45 symbol to be received). Moreover, the weighting-factor calculating section 72 calculates the weighting factors W0-W3 
by solving the simultaneous equation shown by the Equation (1) in accordance with the expected values e00-e33 and 
d0<J3, and outputs the weighting factors W0-W3 as weighting factors S61 -S64. 

[0102] Thus, the expected values e00-e33 and d0-d3 are calculated from pilot symbols P inserted between informa- 
tion symbols I, and the weighting factors S61-S64 are calculated by the arithmetic processing based on the expected 
so values e00-e33 and d0-d3. Therefore, the receiver 42 can easily calculate the weighting factors S61 -S64 through sim- 
ple processing such as arithmetic processing with a simple structure. 

[0103] Moreover, as understood in the above explanation, the theory of the weighting factor calculation is to confirm 
the interference wave component superimposed on a pilot symbol P with a parameter referred to as an expected value. 
Therefore, at the time of transmission, the radio communication system 40 inserts pilot symbols P between information 
55 symbols I instead of attaching the pilot symbols P to the head of information symbols I. Thereby, at the reception side, 
it is possible to uniformly confirm the influence of interference waves over the entire slot and more accurately calculate 
the weighting factors S61 -S64 for removing interference waves. 

[0104] According to the above structure, the transmission side transmits the transmission symbol S35 obtained by 
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inserting pilot symbols P between information symbols I. The reception side extracts pilot symbols P from each of the 
received symbols S48-S51 received via the antennas 44A-44D, calculates the weighting factors S61 -S64 for minimizing 
the interference wave component in accordance with the pilot symbols P, and multiplies the received information sym- 
bols S56-S59 by the weighting factors S61-S64. Thereby, even if interference waves are received, it is possible to 
5 remove the interference wave component from the received information symbols S56-S59 and accurately restore thus 
transmitted information bit series S72. 

(2) Second Embodiment 

to [0105] In the case of the above first embodiment, the structure only for restoring the coded bit group S70 from the 
received information symbol group S69 is described. In the case of the second embodiment, however, a demodulation 
circuit having a structure for reflecting the reliability of a transmission line on the restored coded bit group S70 is 
described. 

[0106] In Fig. 20, symbol 120 denotes a demodulating section of the second embodiment as a whole, which is newly 

is provided with a reliability calculation circuit 121 , a buffer 122, and a multiplier 123 in addition to the demodulation circuit 
83 described for the above first embodiment. The demodulating section 1 20 first inputs the received information symbol 
group S69 output from the adder 82 to the demodulation circuit 83 and the reliability calculation circuit 121 . 
[0107] The demodulation circuit 83 is the same as the circuit described for the first embodiment, which restores the 
coded bit group S70 from the input received information symbol group S69 by applying predetermined demodulation 

20 processing to the group S69, and outputs the restored coded bit group S70 to the rear-stage buffer 1 22. The buffer 122 
comprises a f irst-in first-out buffer, which stores soft decision bits of the input coded bit groups S70 in its internal storage 
region in order, reads the stored soft decision bits in order synchronously with the signal output timing of the reliability 
calculation circuit 121 to be described later, and outputs the soft decision bits to the rear-stage multiplier 123. 
[0108] The reliability calculation circuit 121 calculates the noise power of the input received information symbol group 

25 S69 in accordance with the group S69, and outputs the inverse number of the noise power to the multiplier 123 as a 
reliability factor S100 showing the reliability of the transmission line through which the received information symbol 
group S69 is sent The multiplier 123 multiplies each soft decision bit of the coded bit group S70 read from the buffer 
122 by the reliability factor S1 00 in bits, and outputs the obtained coded bit group S101 to the rear-stage slot connection 
processing circuit 31 . In this connection, since the reliability factor S100 is the inverse number of the noise power, the 

30 signal level of the coded bit group S101 after multiplied by the reliability factor S100 becomes a level corresponding to 
the signal-to-noise power ratio S/N of the transmission line through which the received information symbol group S69 
is sent. 

[0109] Thus, the demodulation circuit 120 calculates the reliability of the transmission line through which the received 
information symbol group S69 is sent, and multiplies each soft decision bit of the coded bit group S70 by the reliability 

35 factor S100 showing the reliability of the transmission line. Therefore, it is possible to adjust the signal level of each bit 
of the coded bit group S70 to a level corresponding to the reliability of the transmission line, and reflect the reliability of 
the transmission line on the coded bit group S70. Therefore, by inputting the coded bit group S101 in which the reliability 
of the transmission line is reflected on the signal level to the rear-stage Viterbi decoding circuit 20, and by performing 
decoding processing, it is possible to perform maximum-likelihood series estimation including the reliability of the trans- 

40 mission line and restore the information bit series S72 more accurately. 

[0110] Fig. 21 shows the structure of the reliability calculation circuit 121 . As shown in Fig. 21, the reliability calculation 
circuit 121 inputs the received information symbol group S69 supplied from the adder 82 to a subtracter 125 and a tem- 
porary decision circuit 1 24. The temporary decision circuit 1 24 decides at which signal point position each symbol input 
as the received information symbol group S69 is located, and outputs a symbol showing the decided position as a deci- 

45 sion symbol S102. For example, when the modulation method at the transmission side uses QPSK modulation, the 
temporary decision circuit 124 decides to which signal point position a received symbol corresponds among the signal 
point positions shown in Fig. 7, and outputs a symbol showing the decided position. Moreover, when the modulation 
method at the transmission side uses 8PSK modulation, 1 6QAM. or 64QAM, the temporary decision circuit 1 24 decides 
to which signal point position a received symbol corresponds among the signal point positions shown in Fig. 8, 9, or 10. 

so and outputs a symbol showing the decided position. The temporary decision circuit 124 outputs a symbol closest to a 
received symbol as the decision symbol S102. 

[011 1] The subtracter 125 successively subtracts the decision symbols S102 output from the temporary decision cir- 
cuit 124 from the symbol input as the received information symbol group S69, and outputs subtraction values S103 to 
a square circuit 126. In this case, since the decision symbol S102 is a symbol to be originally received, the subtraction 
55 value S103 output from the subtracter 125 shows the noise component superimposed on a received symbol. 

[01 1 2] The square circuit 1 26 calculates the noise power of each symbol by successively squaring the input subtrac- 
tion values S103 and outputs the noise power of each symbol to a cumulative addition circuit 127 as the noise power 
S104 per symbol. The cumulative addition circuit 127 cumulatively adds the noise power S104 by the number of sym- 
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bols of one symbol group (cumulatively adds the noise power S104 for one slot) and outputs the obtained noise power 
S105 for one slot to an inverse number calculation circuit 128. Thus, by calculating and outputting the inverse number 
of the noise power S105 with the inverse number calculation circuit 128, the reliability calculation circuit 121 calculates 
the reliability factor S100. 

[0113] According to the above-described structure, the demodulating section 120 of the second embodiment calcu- 
lates the power S105 of the noise component superimposed on the received information symbol group S69 from the 
received information symbol group S69, and calculates the inverse number of the noise power S1 05 as a factor showing 
the reliability of the transmission line through which the received information symbol group S69 is sent. Moreover, the 
demodulating section 120 multiplies each bit of the coded bit group S70 restored from the received information symbol 
group S69 by the reliability factor S1 00 showing the reliability of the transmission line, and thereby adjusts the signal 
level of the coded bit group S70 to a level corresponding to the reliability of the transmission line. 
[0114] Thus, by decoding the coded bit group S101 . which is adjusted to the signal level corresponding to the relia- 
bility of the transmission line, by the rear-stage Viterbi decoding circuit 20, it is possible to perform maximum-likelihood 
series estimation including the reliability of the transmission line and restore the information bit series S72 more accu- 
rately. 

[0115] According to the above-described structure, the reliability factor S100 showing the reliability of a transmission 
line is calculated by calculating noise power from the received information symbol group S69, and the received coded 
bit group S70 is multiplied by the reliability factor S100. Therefore, it is possible to adjust the signal level of the coded 
bit group S70 to a level corresponding to the reliability of the transmission line and thus, perform maximum-likelihood 
series estimation including the reliability of the transmission line. Therefore, it is possible to restore the information bit 
series S72 more accurately. 

(3) Other Embodiments 

[0116] 

(3-1) For the above-described embodiments, a case is described in which the transmission symbol group S35 gen- 
erated by inserting pilot symbols P between information symbols I is transmitted through the inverse fast Fourier 
transform circuit 51 and transmission circuit 52, and the information symbols S56-S59 are extracted from the 
received symbol groups S48-S51 obtained through the reception circuits 60-63 and the fast Fourier transform cir- 
cuits 64-67 at the reception side. However, the present invention is not restricted to the above-described case. It is 
also possible to transmit the transmission symbol group S35 by applying differential modulation to the group S35 
and apply differential modulation to each of the received symbol groups S48-S51 at the reception side and there- 
after, extract the information symbols S56-S59 from the received symbol groups S48-S51 . This point is specifically 
described below. 

In Fig. 22 in which a portion corresponding to that in Fig. 6 is provided with the same symbol, symbol 130 
denotes a transmitter as a whole. The transmitter 130 inputs the transmission symbol group S35. into which pilot 
symbols P are inserted, to a differential modulation circuit 131 to apply differential modulation to the transmission 
symbol group S35. The differential modulation circuit 131 first inputs the transmission symbol group S35 to a mul- 
tiplier 132. Adelayed symbol S109 one symbol before is input to the multiplier 132 through a delay circuit 133. The 
multiplier 132 applies differential modulation to the transmission symbol group S35 by complex-multiplying the sym- 
bol S109 one symbol before by symbols of the input transmission symbol group S35. and outputs a transmission 
symbol group S1 1 0 thereby obtained to the inverse fast Fourier transform circuit 51 and the delay circuit 133. In this 
case, because the symbol one symbol before is complex-multiplied by the input symbols, actual symbol information 
is superimposed on the difference between the symbols output as the transmission symbol group S1 10. 

Thus, the transmitter 1 30 generates the transmission symbol group S36 by applying inverse Fourier transform 
to the transmission symbol group S110 to which differential modulation is thus applied, and generates the trans- 
mission signal S30 by applying predetermined transmission processing to the transmission symbol group S36 to 
transmit the signal $30. 

As shown in Fig. 23 in which a portion corresponding to that in Fig. 13 is provided with the same symbol, a 
receiver 140 has differential demodulation circuits 141-144 in the rear stage of fast Fourier transform circuits 64-67, 
applies differential demodulation to the received symbol groups S48-S51 with the differential demodulation circuits 
141-144, and extracts pilot symbols P and information symbols I from received symbol groups S1 15-S1 18 thereby 
obtained. 

As shown in Fig. 24, the differential demodulation circuit 141 inputs the received symbol group S48 supplied 
from the fast Fourier transform circuit 64 to a delay circuit 145 and a multiplier 146. The multiplier 146 applies dif- 
ferential demodulation to symbols of the received symbol group S48 by performing complex multiplication between 
the conjugate value of the symbol S120 one symbol before delayed through the delay circuit 145 and the symbols 



19 



EP 0 896 440 A2 



of the input received symbol group S48, and outputs the received symbol group S1 15 thereby obtained. In this 
case, because an input signal is complex-multiplied by the conjugate value of the symbol one symbol before, the 
difference between the input symbol and the symbol one symbol before is obtained and as a result, differential 
demodulation processing is performed. In this connection, the differential demodulation circuits 142-144 also have 
the same structure as the differential demodulation circuit 141 shown in Fig. 24. 

Thus, the receiver 1 40 restores the transmitted information bit series S72 by applying differential demodulation 
to the received symbol groups S48-S51 with the differential demodulation circuits 141-144 and moreover applying 
the same processing as that of the first embodiment to the received symbol groups S1 15-S1 18. 

Thus, by applying differential modulation to transmission symbols at the transmission side and differential 
demodulation to received symbols at the reception side, the difference between adjacent symbols can be obtained. 
Therefore, even if frequency selective fading occurs in a transmission line, it is possible to decrease the fluctuation 
received due to the frequency selective fading by obtaining the difference between symbols. Thus, because differ- 
ential modulation is performed at the transmission side and differential demodulation is performed at the reception 
side, even if frequency selective fading occurs, it is possible to reduce the influence of the fading and restore the 
information bit series S72 accurately. 

(3-2) Moreover, in the case of the above-described embodiment, a case is described in which diversity reception is 
performed by providing four antennas 44A-44D for the receiver 42. However, the present invention is not restricted 
to the above case. It is enough to use at least two antennas. In this connection, because a weighting factor for 
removing the interference wave component is calculated in accordance with the pilot symbol included in a signal 
received by each antenna, it is estimated that the interference wave component can be more accurately removed 
as the number of antennas increases. Moreover, when applying the present invention to a cellular radio communi- 
cation system, it is enough to use six antennas at most and it is estimated that use of three to six antennas is effec- 
tive and practical. The cellular radio communication system is a radio communication system in which an area for 
providing communication services is divided into cells with a desired size, a base station serving as a fixed radio 
station is set in each cell, and a communication terminal serving as a mobile radio station performs radio commu- 
nication with the base station in a ceil in which the terminal is present. 

(3-3) Furthermore, in the case of the above-described embodiment, a case is described in which pilot symbols P 
are inserted between information symbols I at equal intervals. However, the present invention is not restricted to 
the above case, ft is also possible to insert pilot symbols P between information symbols I at random intervals. In 
short, by properly distributing and inserting pilot symbols P into information symbols I, it is possible to obtain the 
advantage same as the above. 

(3-4) Furthermore, in the case of the above-described embodiment, a case is described in which a pilot symbol P 
having an amplitude "1" and a phase being random in every communication is inserted between information sym- 
bols I. However, the present invention is not restricted to the above case. For example, it is possible to insert pilot 
symbols perpendicular to each other every communication to predetermined inserted positions as long as an envi- 
ronment having only a small propagation delay and being synchronous with other communication (for example, an 
environment in which the present invention is applied to a cellular radio communication system and base stations 
are temporally synchronized each other) is used. By specifying pilot symbols as described above, it is possible to 
decrease the number of pilot symbols compared to the case of randomizing pilot symbols in every communication. 
(3-5) Furthermore, in the case of the above<Jescribed embodiment a case is described in which 24 subcarriers are 
used. However, the present invention is not restricted to the above case. It is also possible to use any number of 
subcarriers. 

(3-6) Furthermore, in the case of the above-described embodiment, a case is described in which the convolution 
coding circuit 5 is used as a coding circuit and the Viterbi decoding circuit 20 is used as a decoding circuit. However, 
the present invention is not restricted to the above case, ft is also possible to use other coding circuit such as a 
turbo code or decoding circuit. In short, the same advantage as the above can be obtained by using coding for 
increasing the distance between series at the transmission side and using a coding/decoding method for decoding 
coded bit series in accordance with maximum-likelihood series estimation at the reception side. 
(3-7) Furthermore, in the case of the above-described embodiment, a case is described in which the transmission 
symbol S35 is transmitted by using a frequency channel comprising a plurality of subcarriers. However, the present 
invention is not restricted to the above case. It is also possible to change frequency channels used for each slot at 
random, that is. perform so-called frequency hopping. Thus, by performing the frequency hopping, it is possible to 
reduce the probability of receiving interference waves. Therefore, it is more effective to avoid the influence of inter- 
ference waves. 

(3-8) Furthermore, in the case of the above-described embodiment, a case is described in which the present inven- 
tion is applied to the so-called multicarrier-type radio communication system of dispersedly superimposing the 
information to be transmitted on a plurality of subcarriers and transmitting the subcarriers. However, the present 
invention is not restricted to the above case. Even when another communication method such as the TDMA method 
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is used, it is also possible to obtain the same advantage as the above mentioned case by calculating a weighting 
factor for minimizing the interference wave component in accordance with the pilot symbol received as described 
above and removing the interference wave component. 

[01 17] In short, the same advantage as the case described above can be obtained by providing the following means 
for a receiver: a plurality of antenna means for generating information symbols by applying predetermined modulation 
to coded bits generated from information bits, moreover generating transmission symbols by inserting a known pilot 
symbol between the information symbols at the reception side, and receiving transmission signals generated by apply- 
ing predetermined transmission processing to the transmission symbols; received-signal processing means for extract- 
ing pilot symbols from the signals received by the antenna means, calculating a weighting factor for minimizing the 
interference wave component in accordance with each extracted pilot symbol, removing the interference wave compo- 
nent from the information symbols by multiplying the information symbol extracted from each received signal by the 
weighting factor, thereafter generating a received information symbol by synthesizing the information symbols and 
restoring the coded bits by applying predetermined demodulation processing to the received information symbol; and 
decoding means for restoring an information bit by applying maximum-likelihood series estimation to a coded bit output 
from the received-signal processing means. 

[01 1 8] Moreover, the same advantage as the case described above can be obtained from a radio communication sys- 
tem by providing the following means for a transmitter: coding means for generating coded bits by applying coding 
processing to information bits; modulation means for generating information symbols by applying predetermined mod- 
ulation processing to the coded bits; pilot symbol addition means for generating transmission symbols by inserting a 
known pilot symbol between the information symbols at the reception side; and transmission means for generating 
transmission signals by applying predetermined transmission processing to the transmission symbols, and transmitting 
the transmission symbols; and moreover, providing the following means for a receiver: a plurality of antenna means for 
receiving transmission signals, received-signal processing means for extracting a pilot symbol from each signal 
received by the antenna means, calculating a weighting factor for minimizing the interference wave component in 
accordance with each extracted pilot symbol, removing the interference wave component from the information symbol 
by multiplying the information symbol extracted from each received signal by the weighting factor and thereafter, gen- 
erating a received information symbol by synthesizing the information symbols, and restoring a coded bit by applying 
predetermined demodulation processing to the received information symbol; and decoding means for restoring the 
information bit by applying maximum-likelihood series estimation to the coded bits. 

[0119] Furthermore, the same advantage as the case described above can be obtained from a communication 
method by applying predetermined modulation processing to a coded bit generated from an information bit and thereby 
generating an information symbol, generating a transmission symbol by inserting a known pilot symbol between the 
information symbols at the reception side, transmitting a transmission signal generated by applying predetermined 
transmission processing to the transmission symbol, and at the reception side, receiving transmission signals through 
a plurality of antenna means, extracting a pilot symbol from each received signal, calculating a weighting factor for min- 
imizing the interference wave component in accordance with each extracted pilot symbol, multiplying the information 
symbol extracted from each received signal by the weighting factor and thereby, removing the interference wave com- 
ponent from the information symbols and thereafter, synthesizing the information symbols and thereby generating a 
received information symbol, applying predetermined demodulation processing to the received information symbol and 
thereby, restoring the coded bit, applying maximum-likelihood series estimation to the coded bit, and thereby restoring 
the information bit. 

[0120] As described above, according to the present invention, a pilot symbol inserted at the transmission side is 
extracted from each received signal, a weighting factor for minimizing the interference wave component in accordance 
with each extracted pilot symbol is calculated, the information symbol extracted from each received signal is multiplied 
by the weighting factor, and thereby the interference wave component can be easily removed from the information sym- 
bol. Thus, even if interference waves are received, it is possible to easily remove the interference wave component from 
received signals. Thus, transmitted information bit can be restored accurately by removing the influence of interference 
waves. 

[0121 ] While there has been described in connection with the preferred embodiments of the invention, it will be obvi- 
ous to those skilled in the art that various changes and modifications may be aimed, therefore, to cover in the appended 
claims all such changes and modifications as fall within the true spirit and scope of the invention. 

Claims 

1 . A receiver comprising : 

a plurality of antenna means (44) for receiving a transmitted signal generated by inserting pilot symbols 
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between information symbols to generate a transmission symbol and applying predetermined processing to 
said transmission symbol; 

received-signal processing means (45) for extracting said pilot symbol from the signal received by each of said 
antenna means (44), calculating a weighting factor for minimizing the interference wave component in accord- 
ance with each extracted pilot symbol, removing the interference wave component from said information sym- 
bol by multiplying said information symbol extracted from each of said received signals by said weighting factor, 
thereafter generating a received information symbol by synthesizing said information symbol, and restoring 
said coded bit by applying predetermined demodulation processing to said received information symbol; and 
decoding means (20) for restoring said information bit by applying maximum-likelihood series estimation to 
said coded bit output from said received-signal processing means (45). 

The receiver according to claim 1 , wherein 

said received-signal processing means (45) calculates expected values of symbols in accordance with the pilot 
symbol extracted from each of said received signals and a symbol equaling to the pilot symbol inserted at the 
transmission side, and calculate said weighting factor for minimizing the interference wave component in 
accordance with said expected values. 



The receiver according to claim 1 or 2, wherein 

said received-signal processing means (45) calculates a noise power included in said received information 
symbol, and reflects the reliability of a transmission line on the signal level of said coded bit by calculating a 
reliability factor showing the reliability of a transmission line in accordance with said noise power and multiply- 
ing said coded bit by said reliability factor. 

The receiver according to anyone of claims 1 to 3, wherein 

said received-signal processing means (45) applies differential demodulation processing to received symbols 
fetched from each of said received signals when said transmission symbol is differential-modulated, and then 
extracts said pilot symbol and said information symbol from each of said received symbols. 

A radio communication system comprising: 



a transmitter (41) having; 

coding means (5) for generating a coded bit by applying coding processing to an information bit, modulation 
means (8) for generating an information symbol by applying predetermined modulation processing to said 
coded bit pilot symbol addition means (50) for generating a transmission symbol by inserting pilot symbols 
known at the reception side between said information symbols, and transmission means (52) tor generating 
and transmitting a transmission signal by applying predetermined transmission processing to said transmis- 
sion symbol, and a receiver (42) having; 

a plurality of antenna means (44) for respectively receiving said transmission signal, 

received-signal processing means (45) for extracting said pilot symbol from the signal received by each of said 
antenna means (44) , calculating a weighting factor for minimizing the interference wave component in accord- 
ance with each extracted pilot symbol, removing the interference wave component from said information sym- 
bol by multiplying said information symbol extracted from each of said received signals by said weighting factor, 
thereafter generating a received information symbol by synthesizing said information symbol, and restoring 
said coded bit by applying predetermined demodulation processing to said received information symbol, and 
demodulation means (83) for restoring said information bit by applying maximum-likelihood series estimation 
to said coded bit output from said received-signal processing means. 



The radio communication system according to claim 5, 
wherein 

said received-signal processing means (45) calculates expected values of symbols in accordance with the pilot 
symbol extracted from each of said received signal and a symbol equaling to the pilot symbol inserted at the 
transmission side, and calculates said weighting factor for minimizing the interference wave component in 
accordance with said expected values. 
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7. The radio communication system according to claim 5 or 6, 
wherein 

said received-signal processing means (45) calculates a noise power included in said received information 
symbol, and reflects the reliability of a transmission line on the signal level of said coded bit calculating a reli- 
ability factor showing the reliability of a transmission line in accordance with said noise power and multiplying 
said coded bit by said reliability factor. 

8. The radio communication system according to anyone of claims 5 to 7, 
wherein 

said transmitter (41) comprises differential modulation means (8) and transmits said transmission symbol to 
which differential modulation processing is applied by said differential modulation means (8). and the received- 
signal processing means (45) of said receiver (42) applies differential demodulation processing to received 
symbols fetched from each of said received signals, and then extracts said pilot symbol and said information 
symbol from each of said received symbols. 

9. The radio communication system according to anyone fo claims 5 to 8, 
wherein 

said pilot symbol is a symbol varying in each communication. 

10. The radio communication system according to anyone of claims 5 to 9, 
wherein 

said pilot symbol is one of the symbols perpendicular to each other in each communication and it is inserted 
to a predetermined inserting position. 

1 1 . A communication method comprising the steps of: 

generating an information symbol by applying 

predetermined modulation processing to a coded bit generated from an information bit, generating a transmis- 
sion symbol by inserting pilot symbols known at the reception side between said information symbols, and 
transmitting a transmission signal generated by applying predetermined transmission processing to said trans- 
mission symbol; and . 
at the reception side (42), receiving (44) said transmission signal with each of antenna means (44), extracting 
said pilot symbol from each received signal, calculating a weighting factor for minimizing the interference wave 
component in accordance with each extracted pilot symbol, removing the interference wave component from 
said information symbols by multiplying said information symbol extracted from each received signal by said 
weighting factor, thereafter generating received information symbols by synthesizing said information symbols, 
restoring said coded bit by applying predetermined demodulation processing to said received information sym- 
bols, and restoring said information bit by applying maximum-likelihood estimation to said coded bit. 

12. The communication method according to claim 1 1 , 
wherein 

expected values of symbols are calculated in accordance with the pilot symbol extracted from each of said 
received signals and a symbol equaling to the pilot symbol inserted at the transmission side, and said weight- 
ing factor for minimizing the interference wave component is calculated in accordance with said expected val- 
ues. 

13. The communication method according to claim 11 or 12, 
wherein 

a noise power included in said received information symbol is calculated, and the reliability of a transmission 
line is reflected on the signal level of said coded bit by calculating a reliability factor showing the reliability of a 
transmission line in accordance with said noise power and multiplying said coded bit by said reliability factor. 
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14. The communication method according to anyone of claims 1 1 to 13, wherein 

at the transmission side (41), said transmission symbol is transmitted by applying differential modulation 
processing to the symbol. 

at the reception side (42), differential demodulation processing is applied to received symbols fetched from 
each of said received signals, and then said pilot symbol and said information symbol are extracted from each 
of said received symbols. 

15. The communication method according to anyone of claims 11 to 14, wherein 

said pilot symbol is a symbol varying in each communication. 

16. The communication method according to anyone of claims 1 1 to 15, wherein 

said pilot symbol is one of the symbols perpendicular to each other in each communication and is inserted to 
a predetermined inserted position. 

17. A receiving method comprising the steps of: 

receiving a transmission signal with each of antenna means (44) wherein said transmission signal is generated 
by applying predetermined modulation processing to a coded bit generated from an information bit to generate 
an information symbol, inserting pilot symbols known at the reception side between said information symbols 
to generate a transmission symbol, and applying predetermined transmission processing to said transmission; 
extracting said pilot symbol from each received signal; calculating a weighting factor for minimizing the interfer- 
ence wave component in accordance with each extracted pilot symbol; removing the interference wave com- 
ponent from said information symbols by multiplying said information symbol extracted from each received 
signal by said weighting factor; thereafter generating received information symbols by synthesizing said infor- 
mation symbols; restoring said coded bit by applying predetermined demodulation processing to said received 
information symbols; and restoring said information bit by applying maximum-likelihood estimation to said 
coded bit 

1 8. The receiving method according to claim 17, wherein expected values of symbols are calculated in accordance with 
the pilot symbol extracted from each of said received signals and a symbol equaling to the pilot symbol inserted at 
the transmission side, and said weighting factor for minimizing the interference wave component is calculated in 
accordance with said expected values. 

19. The receiving method according to claim 17 or 18, wherein a noise power included in said received information 
symbol is calculated, and the reliability of a transmission line is reflected on the signal level of said coded bit by cal- 
culating a reliability factor showing the reliability of a transmission line in accordance with said noise power and 
multiplying said coded bit by said reliability factor. 

20. The receiving method according to anyone of claims 17 to 19, wherein 

said transmission signal transmitted by applying differential modulation processing to said transmission symbol 
is received, 

differential demodulation processing is applied to 

received symbols fetched from each of said received signals, and then said pilot symbol and said information 
symbol are extracted from each of said received symbols. 

21 . The receiving method according to anyone of claims 1 7 to 20, wherein 

said pilot symbol is a symbol varying in each communication. 

22. The receiving method according to claims 17 to 21 . wherein 

said pilot symbol is one of the symbols perpendicular 

to each other in each communication and is inserted to a predetermined inserted position. 
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FIG. 1 (PRIOR ART) 
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